The coral structural framework is crucial for maintaining reef ecosystem function and services. 16 In the central Red Sea, a naturally high alkalinity is beneficial to reef growth, but rising water 17 temperatures impair the calcification capacity of reef-building organisms. However, it is 18 currently unknown how beneficial and detrimental factors affect the balance between 19 calcification and erosion, and thereby the overall growth of the reef framework. To provide 20 insight into present-day carbonate budgets and reef growth dynamics in the central Red Sea, we 21 measured in situ net-accretion and net-erosion rates (G net ) by deployment of limestone blocks 22 and estimated census-based carbonate budgets (G budget ) in four reef sites along a cross-shelf 23 gradient (25 km). We assessed abiotic variables (i.e., temperature, inorganic nutrients, and 24 carbonate system variables) and biotic drivers (i.e., calcifier and bioeroder abundances). On 25 average, total alkalinity A T (2346 -2431 µmol kg -1 ), aragonite saturation state (4.5 -5.2 Ω a ), and 26 pCO 2 (283 -315 µatm) were close to estimates of pre-industrial global ocean surface waters.
Introduction degradation due to an increased intensity or frequency of extreme climate events (Eakin, 2001;  residuals under a reduced model and type II partial sums of squares. Within each significant 206 factor, pair-wise post-hoc tests followed.
208
Using A T , pH SWS (seawater samples), salinity, and temperature (from CTD), carbonate chemistry 209 parameters were calculated using the R package seacarb (Gattuso et al., 2015) . Carbonic acid 210 dissociation constants were employed as recommended in Dickson et al. (2007) : K1 & K2 211 (Lueker et al., 2000) , Kf (Perez and Fraga, 1987) , and Ks (Dickson, 1990 (2423 ± 18 µmol A T L -1 , 1990 ± 21 µmol C T L -1 , and 1683 ± 24 µmol HCO 3 -L -1 ) compared to 291 summer (2369 ± 38 A T µmol L -1 , 1910 ± 36 µmol C T L -1 , and 1588 ± 41 µmol HCO 3 -L -1 , Table   292 1, Fig. 3 B, Table S10 ). Estimates of pCO 2 in this study ranged 285 -315 µatm across reef and 293 seasons. C T and HCO 3 were significantly higher during winter at all sites (p < 0.05), while A T 294 was only higher in the nearshore (p < 0.05), remaining at similar levels in the other sites.
295
Conversely, Ω a and CO 3 2were overall reduced during winter (winter: 4.62 ± 0.12 Ω a and 299 ± 296 7 µmol CO 3 2-L -1 ; summer: 4.95 ± 0.28 Ω a and 314 ± 17 µmol CO 3 2-L -1 ). Changes in Ω a between 297 the seasons were only found in the offshore site (p < 0.05). By trend, A T and Ω a increased from 298 nearshore to offshore with average differences of 32 µmol kg -1 and Ω a 0.2 (Table S9) . 2015) . In brief, a low percentage of live substrate (< 40 %) was characteristic of the sheltered 303 and lagoonal sites. In exposed sites (offshore and midshore) a community of calcifying 304 organisms took up to 48 % of benthos cover on average (hard corals and calcareous crusts).
305
Major reef-building corals were the genera Acropora, Pocillopora, and Porites constituting 32-306 56 % of the total hard coral cover. m -2 and 0.05 ± 0.04 -1.43 ± 0.98 g m -2 were observed, respectively (Table S4 ). Parrotfish mean 313 abundances and biomass estimates ranged from 0.05 ± 0.01 -0.17 ± 0.60 individuals m -2 and 314 19.54 ± 5.56 -82.18 ± 46.67 g m -2 , respectively (Table S6 ). The highest abundances and 315 biomasses of both parrotfishes and sea urchins were observed at the exposed nearshore site. midshore site, and then increased again towards the exposed offshore site. The inshore sites 318 along with the exposed midshore site exhibited the largest range of sea urchin size classes (from 319 categories 1 or 2 to the largest size class 5), while at the exposed sites, only the two smallest size 320 classes of sea urchins were recorded. The largest parrotfishes (category 5 parrotfish, i.e., > 45 cm 321 -69 cm fork length) were observed at the midshore sites and the sheltered offshore site. With the 322 exception of the exposed midshore site, category 1 (5 -14 cm) parrotfish were commonly 323 observed at all sites. In contrast, no category 6 parrotfish (≥ 70 cm fork length) were observed 324 during the surveys. based on the 30-months deployment of blocks ranged between -0.96 and 0.37 kg m -2 yr -1 (Table   331 2). G net for 12 and 30-months blocks were negative on the nearshore reef (between -0.96 and -0.2 332 kg m -2 yr -1 , i.e., net erosion is apparent), near-zero on the midshore reef (0.01 -0.06 kg m -2 yr -1 , 333 i.e., low net accretion), and positive on the offshore reef (up to 0.37 kg m -2 yr -1 , i.e., high net 334 accretion). Reef sites and deployment times had a significant effect on the variability of G net 335 (Table S11 ). The rate of accretion/erosion was higher in the measurements over longest 336 deployment period (p < 0.001, Figure S2 ). (Table 3) . G budget significantly different between the reef sites (p < 0.05, Fig. 5 A) , 343 except for budgets in both midshore sites (lagoon and exposed), which were similar. Biotic 344 variables that account for the carbonate budgets also differed by site, in the case of community 345 calcification rates G benthos (p < 0.05, Fig. 5 B) , and net-accretion/erosion of bare substrate
Abiotic and biotic drivers related to net-accretion rates and carbonate budgets 350 Results from correlations and distance based linear models were similar for G net and G budget .
351
Temperature means, temperature SDs, and pH SDs were negatively correlated, while A T , Ω a ,
352
CO 3 2-, and PO 4 3were positively correlated with G net (ρ ≥ |0.59|, Table 4 ). The best model for 353 G net data accounted for 56% (adjusted R 2 ) of the total variation. Here, A T alone explained 54% of 354 the data and was the only statistically valid predictor of two abiotic variables in the model (the 355 second being Ω a accounting for only 2% more, All values as mean (SD); pH CTD = pH from CTD; pH SWS = pH from seawater samples # day-902 time measurements (7:00 -19:00); * parameters calculated using seacarb implemented in R 903 (Gattuso et al., 2015; R Core Team, 2013) drying. Boring holes of endolithic sponges are clearly visible in the nearshore exposed and both 966 midshore reef sites. In the midshore and offshore exposed reefs, blocks were covered with crusts 967 of biogenic carbonate mostly accreted by coralline algae assemblages. EXP = exposed, SHELT = 968 sheltered, scales in E -H in cm. differences between the sites. Near_exp = nearshore exposed, mid_shelt = midshore sheltered 976 (lagoon), mid_exp = midshore exposed, off_exp = offshore exposed.
